Objective: In a motor vehicle crash, compressive forces from the lap component of the seat belt may produce an abdominal abrasion/contusion known as the 'seat belt sign', and is associated with abdominal and lumbar injuries. Previous research has not taken into account the position of this sign in relation to the anterior superior iliac spine (ASIS). Our aim was to demonstrate an association between the seat belt sign position in relation to ASIS and the presence of abdominal/lumbar injury. Methods: A mixed prospective and retrospective observational study of patients involved in a motor vehicle crash was conducted. The presence of a seat belt sign was recorded as above ASIS, at/below ASIS, or none. Injury data were extracted from discharge summaries, radiology reports and operation reports. Proportions of patients with injuries were compared across the three groups. Results: Four hundred and sixty-four participants were enrolled. For participants with a seat belt sign above ASIS, compared to those with no seat belt sign, the positive likelihood ratio for a seat belt related injury was 4.2 (95% CI 2.6-6.8). When the seat belt sign was at/below the level of ASIS the positive likelihood ratio was 1.5 (95% CI 0.4-5.7).
Introduction
In patients who have been involved in a motor vehicle crash (MVC), the physical examination findings are integral for decision-making in the evaluation of abdominal trauma. One physical finding is the abdominal seat belt sign, which is a welldefined area of linear ecchymosis, erythema or abrasion that occurs on the abdomen of a restrained occupant involved in a MVC caused by pressure from the lap component of the seat belt. Patients with an abdominal seat belt sign are at risk of abdominal injuries such as mesenteric tears, intestinal perforation, pancreatic injury, iliac or aortic thrombosis and fractures of lumbar vertebrae. [1] [2] [3] [4] [5] [6] [7] [8] [9] The lap component of the seat belt should be positioned low, across the thighs, rather than across the abdomen. In this position, during a MVC the lap belt is tensioned across the anterior superior iliac spines (ASIS) and adjacent bony pelvic structures. In theory this should prevent the lapbelt from compressing intraabdominal structures. None of the previous studies have taken into account the position of the seat belt mark on the abdomen, whether it was at or below the level of the ASIS, or above the ASIS. Most studies have concluded with recommendations to have a high clinical suspicion for serious abdominal injury in patients with an abdominal seat belt sign. In this era of the trauma panscan, 10 such recommendations are likely to be interpreted as an indication for an abdominal 
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Key findings
• An abdominal abrasion/contusion from the lap component of the seat belt is associated with abdominal and lumbar traumatic injury.
• The position of the seat belt sign is important: the association is strong when the sign is above ASIS, but when it is at or below the ASIS the injury rate is similar to those with no seat belt sign.
• Routine imaging of the abdomen may be appropriate only for those with a seat belt sign above ASIS.
computed tomography (CT) scan, leading to increased cost, increased ED length of stay, and risks associated with radiation exposure.
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However, if the position of the seat belt sign is an important determinant of its predictive value for abdominal injury, the presence of an abdominal seat belt sign at or below the level of the ASIS may not in itself be an indication for CT scanning (assuming the absence of any other features that would warrant performing a CT scan of the abdomen). Our hypothesis was that in patients involved in a MVC, an abdominal seat belt sign above the ASIS would be associated with abdominal injury, whereas a seat belt sign at or below the level of the ASIS would have a similar risk for injury as patients with no seat belt sign.
Methods

Study design and setting
This was an observational cohort study utilising both prospective and retrospective data collection. The study was performed at a tertiary referral and level 1 trauma centre located in Sydney, Australia. The study was conducted over two periods from February to August 2016, then from March to August 2017. Permission for this study was obtained from the South Eastern Sydney Local Health District Human Research Ethics Committee.
Outcomes
The primary outcome was the association between the position of the seat belt sign on the abdomen in relation to the ASIS and the presence of abdominal and lumbar spine injury. Secondary outcomes were to describe the frequency of various seat belt associated injuries, and to compare the characteristics of patients between the groups of those without seat belt signs, those with seat belt signs at or below ASIS, and those with seat belt signs above ASIS.
Selection of participants
Patients were included in the study if they presented to the ED after an MVC, were aged ≥16 years, and fulfilled trauma team activation criteria. Patients were excluded if they were not wearing a seat belt. Participants were identified by the attending emergency doctor and enrolled into the study prospectively. The trauma service maintained a list of all patients who presented meeting the criteria for trauma team activation. This list was checked each day for any missed enrolments. Where a patient was missed and they were still in hospital, the patient was approached by a study investigator for enrolment. Where a patient was not enrolled and had been discharged the medical record was accessed and data collected retrospectively. If there was no unequivocal statement regarding the presence, absence and position of a seat belt bruise, these patients could not be enrolled retrospectively (Fig. 1 ). For patients eligible but not enrolled all other data was collected so that characteristics between those included and those missed could be compared.
Methods and measurements
The attending doctor completed a data collection form for eligible patients detailing seat belt use, and the presence and location of an abdominal seat belt sign. The electronic medical record was then accessed by research personnel for demographic data, in-hospital death, estimated speed, admission or discharge from the ED and hospital length of stay. Injury severity score (ISS) was calculated using the abbreviated injury scale. 12 The presence of a seat belt associated injury was determined from the discharge summary, operation reports and imaging reports. If a participant did not have any imaging studies or operations and was discharged home alive, they were assumed to have no serious injuries. The following were considered seat belt associated abdominal injuries: lumbar vertebral fractures, bowel injuries (perforation or haematoma), vascular injuries (thrombosis/tears/dissection of the inferior vena-cava, aorta or iliac arteries), solid organ injuries (lacerations, haematoma, avulsions of the pancreas, kidney, spleen or liver) and mesenteric tears/ bleeding.
Analysis
Participants were divided into three groups: those without a seat belt sign, those with a seat belt sign at or below the level of the ASIS, and those with a seat belt sign above the ASIS. The null hypothesis was that there was no difference in the proportion of patients with abdominal injuries or lumbar spine fractures between the three groups. The characteristics of participants enrolled and missed, and between each of the three enrolled groups were compared. Categorical data was presented as proportions and compared using Fischer's exact test. Where there were greater than two categories, Pearson's χ 2 test was used. Continuous variables were presented as median with interquartile range (all continuous data was non-normally distributed) and compared with the Mann-Whitney U-test for two group comparisons, and the KruskalWallis test for three group comparisons. Likelihood ratios for a seat belt associated injury were calculated for the two positions of the seat belt sign using those with no seat belt sign as the reference group. The analysis was conducted using IBM SPSS statistics version 25 (IBM Corporation, Armonk, NY, USA). 
Sample size
Using data from a prior study, 4 the proportion of participants with abdominal injury in those with and without a seat belt sign was 23 and 3% respectively, with seven patients without a seat belt sign for each patient with one. We assumed no difference in the proportion of abdominal injuries in participants without a seat belt sign and participants with a seat belt sign at or below ASIS, while those with a seat belt sign above ASIS would have a higher proportion of injuries. We also assumed that of those with a seat belt sign, half would be at or below ASIS and half would be above. With a power of 80% and an alpha level of 0.05, we would need 272 participants.
Results
Despite the sample size calculation, an analysis after 297 participants were enrolled over 7 months indicated small absolute numbers of participants with injuries, so enrolment was continued for another 6 months. Over the study period there were 562 eligible patients, 98 were missed at presentation and could not be enrolled retrospectively, and 464 patients (83% of eligible patients) were enrolled. Of the 464 participants, 129 (28%) were enrolled retrospectively (Fig. 1) . Table 1 compares the characteristics of those enrolled and those not enrolled. Those not enrolled tended to be less injured (as measured by the ISS and the number of seat belt associated injuries diagnosed), and were more likely to be discharged directly from the ED with a short length of stay. This reflects that those enrolled were more likely to be admitted and so were less likely to be missed. Table 2 compares the characteristics of participants according to the presence and position of the seat belt sign. Those without a seat belt sign tended to be involved in lower speed MVCs, have lower ISS and were more likely to be discharged directly from the ED. As the seat belt sign went from none, to at/below ASIS to above ASIS, the ISS progressively increased as did the hospital length of stay.
The outcomes of participants are presented in Table 3 . For participants with a seat belt sign above ASIS, compared to those with no seat belt sign the positive likelihood ratio for having an seat belt related injury was 4.2 (95% CI 2.6-6.8), whereas when the seat belt sign was at or below the level of ASIS, the positive likelihood ratio for having a seat belt related injury was 1.5 (95% CI 0.4-5.7).
Discussion
As observed in previous research, our study demonstrated an association between the presence of a seat belt bruise on the abdomen and abdominal and lumbar injuries, and this association was strongest when the seat belt sign was above ASIS with approximately a quarter of participants having significant injuries. We hypothesised that when the seat belt sign was at or below the ASIS, indicating that the lap component of the seat belt had been tensioned across the bony structures of the pelvis, then the intra-abdominal structures should avoid the compressive forces that can cause many of the seat belt associated injuries, and the injury rate should be similar to those with no seat belt sign. Our results are consistent with this hypothesis. The proportion of participants with injuries was similar when there was no seat belt sign and when the sign was at/below ASIS, but when the sign was above ASIS the likelihood for injury was much higher. While our results suggest that those with a seat belt sign where probably involved in higher speed/higher risk MVCs with more injuries sustained, we did not treat this as a confounder and adjust for this as we were interested in the predictive utility of this sign in and of itself. When physicians are evaluating the abdomen of trauma patients both the presence and the position of the seat belt sign should be taken into consideration. When the seat belt sign was above ASIS, one in four participants had important injuries of the abdomen or lumbar spine.
With such a strong association it would not be an unreasonable recommendation that when a seat belt sign is observed above ASIS then the abdomen should be imaged with a CT scan. However, for trauma patients who have a seat belt sign at/below ASIS our results would suggest that the decision to image the abdomen should be based on other clinical parameters such as tenderness or peritonism rather than solely based on the observation of a seat belt sign.
Limitations
There are a number of limitations that should be considered when interpreting the results of this study. The most important limitation was the small sample size and the small frequency of injuries within the subgroups. Despite extending enrolment to increase the sample size, the number of participants with seat belt signs and with injuries remained small, reducing the reliability of the outcome and the statistical tests used for comparisons. This is most important when considering the subgroup 'Seat belt sign at or below ASIS' where there were just two participants with serious seat belt associated injuries. While this low frequency suggests that serious injuries are uncommonly associated with bruising in this position, this association is not robust. If, for example, enrolment continued for longer and the next two participants in this subgroup had serious injury the outcome and the conclusion would be significantly altered.
Selection bias may have been introduced because of 17% of eligible patients failing to be enrolled in the study. If the outcome of these patients was systematically different this may bias the outcome. The characteristics of this missed group indicated that they were mostly minimally injured patients who were discharged quickly from the ED. It is probable that they did not have any seat belt sign as this finding would generally result in the trauma team admitting the patient for a period of observation at a minimum. This group had a low incidence of injury similar to the enrolled participants with no seat belt sign. It is unlikely the results would be significantly altered had we been able to include these patients.
It was important to achieve close to a consecutive sample of eligible patient for the reliability of the study. While the study was designed as a prospective study, because of problems of missed enrolment opportunities we also had to undertake retrospective recruitment, which accounted for approximately a quarter of the participants. The reliability of the data collected on these participants was dependent on how well this was recorded in the medical record.
Data on seat belt use and vehicle speed at the time of the crash was based on information reported by patients or estimated by paramedics. Both of these factors have potential legal and insurance ramifications, and it is likely some participants will have misreported these data because of fear of repercussions.
We did not consider the age of the car for innovations in seat belt technology, or the understanding of the participants on how to wear a seat belt, factors that may have influenced injury patterns. Future research should consider these factors.
Other limitations include the limited generalisability as the study was performed in a single centre. There was the possibility that there were missed injuries when these did not manifest until after discharge, and although we checked for re-admissions, patients may not have represented to the same institution.
Conclusion
As previous researchers have found, the seat belt sign is associated with the presence injuries to the abdomen and lumbar spine; however, the location of this sign is important. This association is strong when the seat belt sign is above ASIS, but when the sign is at or below the ASIS the injury rate is similar to participants with no seat belt sign. Imaging of the abdomen driven by the presence of a seat belt sign may be appropriate only for those with a seat belt sign above ASIS.
